Endogenous indoleacetic acid (IAA) levels of Euphorbia esula L. primary root and root buds were examined at three phenologic stages. High performance liquid chromatography coupled with fluorescence detection and gas chromatography-mass spectrometry, using '3C4benzene ringj-indole-3-acetic acid as internal standard, were used to measure root bud free and bound IAA levels in vegetative, full flower, and post-flower plants. Highest growth (18, 19). Root buds show the highest regenerative capacity in spring and fall with a significant reduction in regenerative capacity associated with full flower. A number of other plants, which reproduce vegetatively by root buds, show a similar reduction in the capacity of roots to produce new shoots during flowering (6, 7, 9-11, 17, 19, 22, 24).
muloides L. (23) were successful. However, these studies did not utilize highly specific and sensitive techniques now available for IAA analysis, and root bud IAA was not measured. No attempt was made to examine conjugated IAA levels which may also fluctuate with phenologic stage.
The present study was undertaken to examine IAA levels of E. esula primary roots and adventitious root buds at three phenologic stages: vegetative, full flower, and post-flower. Since After partitioning, phase III dialysis tubing buffer was transferred to 20 ml test tubes and acidified to pH 2.7 with 8.4 N H3PO4. IAA was extracted from the acidified dialysis tubing buffer using 6 ml high capacity C18 SPE columns (JT Baker, Phillipsburg, NJ). SPE columns were first conditioned with 6 ml ofHPLC grade methanol and followed by 6 ml of 0.1 M K2HPO4 (pH 2.7). An additional 6 ml of buffer was added with the vacuum turned off. Sample reservoirs (15 ml) were attached and acidified dialysis tubing buffer added. Samples were aspirated through columns over a period of 5 min. Columns were washed with 2 ml of 20% methanol/water (v/v) (pH 2.7) and air dried with vacuum for 3 mm IAA was eluted with two-l ml aliquots of 80% methanol/water (v/v). TheIAA fraction was collected in 2 ml conical centrifuge tubes and evaporated to dryness under a stream of N2 at 40C. Samples were resuspended in 100 (20) . Actual samples were also spiked with known amounts ofIAA to check the validity for the standard curve. The limit of detection under our conditions was 0.25 ng/ 10 Ml injection, however this was not the limit of instrument sensitivity.
Samples quantified by GC-MS were purified by HPLC using the same conditions described above. The entire 20 ul sample was injected. IAA peaks were collected with the fluorometer excitation beam momentarily interrupted by a shutter to avoid any photodecomposition. One ml C18 SPE columns were used to extract IAA from the 80% aqueous HPLC solvent by first diluting the IAA fraction with 5 ml of HPLC grade water acidified to pH 2.7 with 8.4 N H3PO4. This step was necessary to reduce the concentration of acetonitrile below 5% (v/v). One ml columns were first conditioned with 2 ml of HPLC grade methanol, followed by 2 ml of 96/3 water/acetonitrile (v/v) ( 
RESULTS
Typical HPLC chromatograms of primary root and root budfree IAA extracts are shown in Figure 1 . IAA eluted without interfering peaks and samples spiked with known amounts of authentic IAA increased in area proportional to the amount of IAA added. GC-MS verified the presence of IAA in the HPLC peak and IAA levels determined by GC-MS showed good agreement with those analyzed by HPLC. For example, post-flower root tissue-freeIAA levels were determined to be 13.6 ng/g FW by GS/MS and 15.3 ng/g FW by HPLC (Table I) . Because of the limited availability of root buds, verification by GC-MS was most often performed on root tissue samples. Ester and amide conjugates levels were verified at random by single GC-MS samples (data not shown), while triplicate GC-MS samples of root and root bud free IAA were included in each sample run (Table I ). Figure 2 shows a typical mass spectrum from which freeIAA of a post-flower root tissue sample was calculated. The ratio of 130/136 is 0.072 and the ratio of 189/195 is 0.072 verifying the analysis (5). Based on the amount of internal standard added (632 ng x 0.9 = 568 ng) and the sample weight (3 g ) the endogenous IAA content is calculated to be 13.6 ng/g FW. Although an additional derivation step is required, Free IAA levels were significantly higher in root buds of E. esula plants in full flower (Table I) as compared to vegetative and post-flower plants. IAA conjugates were undetectable in root buds of vegetative plants, while esterified and amide IAA was found in root buds of full flower and post-flower plants. Highest levels of conjugated IAA were found in post-flower root buds. The ratio of esterified to amide IAA resembled that of legumes in which amide conjugates are most abundant (2) . Free IAA levels in root tissue were highest in vegetative and full flower plants and decreased by 50% in post-flower plants.
ROOT BUD INDOLE-3-ACETIC ACID

DISCUSSION
There is little available information concerning free and conjugated IAA levels in root buds of perennial plants. Hillman et al. (14) determined the IAA content of Phaseolus vulgare L. axillary buds from intact and decapitated plants. Free IAA levels in these axillary buds were reported to range from 60 to 130 ng/ g dry weight. Expressed on a dry weight basis, Euphorbia esula root bud-free IAA levels would be 3 to 4 times higher (average water content of root buds is 77%). Chrysanthemum morifolium shoot tip LAA levels ranged from 15.6 to 29.0 ng/g FW, which is also considerably lower than E. esula root bud-free LAA levels. On the other hand, E. esula primary root-free IAA levels were very similar to levels of free IAA reported for primary root tissue of Zea mays (21) , vegetative tissue of Z. mays, Pisum sativum (1, 2) , and Avena sativa (2) , and also similar to free IAA levels in stem cuttings of C. morifolium (25) .
The results of the present study suggest that the reduced elongation of E. esula root buds during flowering (18, 19) was associated with significant increases in root bud-free IAA levels. The possible existence of this relationship has been theorized (11, 17) , and this theory supported by evidence from studies utilizing Avena bioassays to quantify IAA levels in roots to Populus tremula (9) Little information is available on the endogenous IAA levels in root buds and their possible relationship to root bud growth. However, research utilizing exogenous IAA provides evidence implicating IAA as a factor in control of adventitious shoot production by root buds. Exogenous IAA at concentration greater than 10 tLM significantly reduced root bud elongation in P. tremula (8) , Chondrilla juneca L. (15) , Chameanerion angustifolium L. (1 1), and E. esula (3, 18) . In addition, auxin transport inhibitor studies indicate that IAA moving basipetally from the shoot is involved (9, 18 The suggestion was previously made that E. esula root buds might be an excellent source of material for studies of apical dominance using exogenous plant growth regulators (3). The present work further indicates that they would also provide an excellent system for the study of endogenous IAA regulation in meristemic tissue.
